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Appendix B
Reference Drawings and Data

B-1. General

System drawings (Figures B-1 through B-22) and specifi-
cation excerpts presented next in paragraphs B-2, B-3, and
B-4 are essentially systems and equipment used in various
existing powerhouses, but both have been modified in
certain respects to make them more generally applicable.
However, their use for new powerhouse design will sel-
dom be practical due to the differing requirements charac-
teristic of each new project. They are included to
acquaint the designer with satisfactory designs typical of
one or two sizes and types of powerhouse. Certain line
sizes and elevations have been retained on the drawings
as an aid in visualizing the particular system layout but
should be regarded as relative only. Where a figure
includes two, three, or more separate drawings, apprecia-
ble differences in powerhouse requirements and system
provisions will be noted. These figures and specifications
are referenced in the manual write-ups and as otherwise
needed during design.

B-2. Piping-Cleaning and Flushing

a. General. Prior to installation, piping, fittings, and
valves shall be cleaned as required to remove all foreign
matter. During installation, openings in the piping shall
be covered to prevent entry of foreign material. Concrete,
curing water, or construction debris shall not be washed
into drains. Piping shall be kept clean, and the contractor
shall demonstrate that the pipes and drains are unob-
structed when so directed by the Contracting Officer.
Any stoppage or other damage to materials, equipment, or
parts of the building due to the contractor’s failure to
properly clean the piping systems shall be repaired by the
contractor without cost to the government. The contractor
shall provide all materials and equipment required to
clean and flush the piping systems including temporary
piping, solvent, and circulating pump except as otherwise
noted. After installation and prior to connection to equip-
ment, each system shall be thoroughly flushed until clean.
Unless otherwise noted, the flushing and cleaning fluid
shall be the same as medium specified for the pressure
test. Temporary cross connections shall be installed
between supply and return lines at each branch extremity,
and each branch shall be cleaned and flushed in a separate
operation. The supply and return lines in the oil room
shall be isolated from the tanks and pumps until testing
and flushing operations have been completed. Oil used
for flushing shall not be drained to the dirty oil tank but

shall be collected for disposal by the contractor. All such
oil shall be drained from the low points in the lines.

b. Cleaning oil system.Special care shall be taken
to ensure that materials used in the oil system are clean
and that shavings, solder, or other foreign materials do not
enter the system. The contractor shall obtain approval
for his cleaning and flushing procedures by the Contract-
ing Officer prior to starting cleaning operations. An
organic solvent which will remove the flux residue and
also will be soluble in the subsequent hot oil flush shall
be passed through the piping until the flux residue is
removed. Prior to this solvent cleaning operation, the
contractor shall demonstrate by the use of test sections of
soldered copper tubing and fittings that the solvent clean-
ing operation will effectively clean out the flux residue
left in the soldering process. Lines shall be drained of
solvent and shall be blown out prior to being pressure
tested.

c. Flushing oil system. After the piping has been
solvent cleaned and pressure tested, but before the oil
lines are connected to the generators, turbines, governor
equipment, and oil storage tanks and pumps, oil shall be
circulated through the supply and return lines at a mini-
mum velocity of 4.6 m/s (15 f/s) for 8 hr or until they are
clean. An 80- by 80-mesh screen or comparable filter
shall be installed at the end of the return oil line. Clean
warmed oil shall be circulated through all circuits of the
piping until the screen remains clean. The oil temperature
shall be between 60-66°C (140-150°F). The oil used for
the pressure testing shall be used for flushing. The oil
shall be recirculated so that the quantity required will not
be excessive. The contractor may use the oil purifier to
heat the oil. The purifiers and government-furnished oils
will be made available to the contractor at the locations
needed. Oil circulating pumps used in conjunction with
the oil purifier shall be matched to the volume flow rate
of the purifier and shall be equipped with a bypass. A
detailed drawing of the proposed circulating pumps-oil
purifier joint operation shall be submitted for approval. If
an extension power cord for the oil purifier is needed, it
shall be provided by the contractor. The purifier shall be
cleaned and serviced after use.

B-3. Powerhouse Piping

a. Pressure tests.

(1) General. The contractor shall furnish all equip-
ment and materials required to make complete tests,
except as otherwise specified. The tests shall be made
with blank flanges or with suitable caps on ends of the
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pipe sections to be tested. The pipings tests shall be con-
ducted before the equipment has been connected to the
piping. All sections of the piping specified herein shall
be tested by the contractor and approved by the Contract-
ing Officer before acceptance. Any defects or leaks dis-
closed by tests shall be satisfactorily repaired and retested
by the contractor at no additional cost to the Government.
The contractor shall notify the Contracting Officer in
sufficient time before starting any test to permit a repre-
sentative of the Contracting Officer to witness the test.
Each welded joint shall be hammered while under test
pressure. All piping shall be tested at the pressure shown
in Table B-1 for a length of time sufficient in the opinion
of the Contracting Officer to determine tightness but in no
case less than one hour except as noted. Air lines tested
with water shall be thoroughly dried after testing and
before connecting to equipment.

(2) Test pressure and mediums. The test pressures
and mediums are shown in Table B-1 for the following
categories of piping:

b. Carbon dioxide piping.The carbon dioxide pip-
ing, including that portion in the generator housing, shall
be pressure tested as follows. All piping including the
flexible tubing shall be subjected to a gas pressure test of
6,894 kPa (1,000 psi). Only nontoxic and nonflammable
gases shall be used to test. The gas pressure shall not fall
below 6,205 kPa (900 psi) at the end of a test period of
5 min. All personnel shall be removed to positions of
safety while the systems are under test pressures, with the
pressure gauge used for testing being the only pressurized
component directly exposed to personnel. Examinations
for leaks shall be conducted only after the maximum pres-
sure test pressures have been reduced below 2,068 kPa

Table B-1
Test Pressures and Mediums

Test Pressure Test
kPag (psig) Medium

Unwatering and Filling Piping 689 (100) Water

Service Air Piping 1,724 (250) Water

Governor and Lubricating Oil
Piping (distribution) 1,551 (225) Lubricating Oil

at 100oF

Generator Cooling Water Piping 689 (100) Water

Piezometer Piping 1,034 (150) Water

Low Pressure and Brake Air Piping 1,379 (200) Air

Governor Air Piping 1 1/2 times Water
Max. Governor
Operating
Pressure

Potable and Raw Water Piping 1,034 (150) Water

Gland Water Piping 1,034 (150) Water

Carbon Dioxide Piping See above (para B-3b)

Roof Drainage Piping 1.5 m (5 ft) Water
Head at Roof
Surface

Drain, Waste, and Vent Piping 3.0 m (10 ft) Water
Head at Floor
Surface
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(300 psi). Before making the specified pressure test, the
contractor shall submit for approval a description of the
method to be followed and the type of gas to be used to
produce the required pressure for the leakage test.

B-4. Piping System Identification

a. General. All exposed piping and valves including
those furnished by the government and by the contractor
as specified in other sections shall be identified as herein
specified. Identification includes the following:

(1) Piping system designations and flow direction
arrows on the piping.

(2) Gauge nameplates.

(3) Painting valve control handles to indicated normal
valve position.

b. Piping system designation.Pipes and tubing hav-
ing an outside diameter including pipe covering of 20 mm
(3/4 in.) or larger shall be identified, and the direction of
flow indicated on the piping by means of colored prefab-
ricated labels on pressure sensitive self-adhesive cloth
tapes. The labels shall have black lettering and flow
arrows on a yellow background. The labels shall adhere
tightly and neatly on the pipe. Any labels that do not
adhere completely shall be removed and reapplied. Letter
and arrow size shall comply with the schedule below:

Outside Diameter of Pipe Minimum Size Minimum Length
or Covering of Letter of Arrow Marker
mm (in.) mm (in.) mm (in.)

20-32 (0.75-1.25) 13 (0.5) 102 (4)

38-51 (1.5-2.0) 19 (0.75) 102 (4)

64-152 (2.5-6.0) 32 (1.25) 178 (7)

203-254 (8.0-10.0) 64 (2.5) 178 (7)

Over 254 (10.0) 89 (3.5) 178 (7)

Piping and tubing less than 20-mm (3/4-in.) outside-diam-
eter shall be identified with engraved laminated sheet
plastic or anodized aluminum flow arrows and nameplates
with standard Gothic lettering not less than 6 mm (1/4 in.)
in height similar to the nameplates used on control cen-
ters. Nameplates shall be firmly attached to the piping.
The markings shall be applied after cleaning, painting,
and insulation of the piping is completed. Identification
and direction of flow arrows shall be provided on each
side of walls, partitions, floors, or similar barrier which
interferes with tracing a line, at all valve locations and
near branch lines. Wherever two or more pipes run

parallel, the designations shall be applied in the same
relative location so as to be in either vertical or horizontal
linearity, whichever the case may be. The markings shall
be located so as to be readily conspicuous at all times
from any reasonable point of vantage but in no case at
intervals greater than 14 m (45 ft).

c. Pipe marking schedule. The following marker
legends are typical:

RAW WATER-DECK WASHING

RAW WATER-GEN COOLING

RAW WATER-THRUST BEARING

RAW WATER-TURBINE BEARING

RAW WATER-GEN GUIDE BEARING

RAW WATER-TURBINE PKG GLND

RAW WATER-AIR COMPR

CO2

CO2-GEN NO. 1

AIR 2590 KPA (375 PSI) GOV

AIR 830 KPA (120 PSI)

AIR 690 KPA (100 PSI) GEN BRAKES

ROOF DRAIN

SPIRAL CASE DRAIN

SPIRAL CASE FILL

TURBINE PIT LINER DRAIN

TURBINE VACUUM BREAKER VENT

LUBE OIL-DRAIN

LUBE OIL-SUPPLY

LUBE OIL-RETURN

LUBE OIL-BYPASS

LUBE OIL-THRUST BEARING
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LUBE OIL-TURBINE BEARING

LUBE OIL-GEN GUIDE BRG

LUBE OIL-GEN JACK SUPPLY

LUBE OIL-GEN JACK RETURN

GOV OIL

GOV OIL-RETURN

GOV OIL-SUMP UNIT NO. 1

GOV OIL-SERVO OPEN

GOV OIL-SERVO CLOSE

GOV OIL-TURB BLADES RAISE

GOV OIL-TURB BLADES LOWER

d. Valve tagging. The contractor shall provide
approved identifying tags complete with engraved plastic,
aluminum, or brass plates with attaching chain for valves
in the powerhouse. The government will prepare and
furnish to the contractor a list showing the required num-
bers, letters, and descriptive information to be used for
each valve and will mark the piping diagrams indicating
their location. The list and marked diagrams will be fur-
nished to the contractor not later than six months prior to
the scheduled completion of all work under this contract.
The valve list will include all operating and isolating
valves installed under this contract and those which are
furnished with the government-and contractor-furnished
equipment but will exclude check valves, relief valves,
gauge cocks, receiver drain valves, valves mounted on
control panels, and air and water service connection
valves. For estimating purposes, the following may be
considered a typical example of the valve designations:

1 - CW - 1, #1 Generator thrust bearing cooling water
supply.

Valve tags shall be securely fastened to handwheel-
operated valves with approved brass-jointed ball chain
approximately 200 mm (8 in.) long, size No. 6, 8 or 10.
The chain shall be passed through grommets in the enve-
lope, around the valve stem, and the ends shall be joined
together with a reusable coupling. In cases where the
valve handwheel is below the valve, the chain shall be
passed through the handwheel rather than around the

stem. On other than handwheel-operated valves the tags
shall be attached by securing the brass ball chain around
the valve body with a figure-8 wrap or around a suitable
part of the valve.

e. Painting valve handwheels.Valve handwheels or
operating levers shall be painted in accordance with the
following listed colors to indicate the normal position of
the valve:

Normal Operating Color of Handwheel
Position of Valve of Operating Lever

Closed Red

Open Green

Either Open or Closed
or Throttling Yellow

B-5. Powerhouse Electric Water Heaters

The method of water heater selection is as follows:

a. Obtaining volume flow rate sum.From Table B-2
below obtain the sum of the volume flow rate served by
the heater.

Table B-2
Hot Water Demand

Demand
Fixture L/s (gph)

Fountain, Wash 1.4m (54 in.) 0.105 (100)
Lavatory 0.008 (8)
Shower 0.105 (100)
Sink, Battery Room 0.021 (20)
Sink, First Aid 0.008 (8)
Sink, Kitchen 0.010 (10)
Sink, Service 0.021 (20)
Conversion Factor:

Storage 0.30
Recovery Rate 0.20

b. Obtaining tank size. Multiply this sum by the
storage factor to obtain tank size.

c. Standardized heating elements. Since recovery
rate is unlikely to be a factor in powerhouses where
demand briefly occurs at lunch time and at end-of-shift,
heating elements should be standardized as indicated
below.
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d. Check recovery rate. In the case of public lava-
tories where visitor use may be heavy at times, the recov-
ery rate should be checked. Multiply the sum of the
volume flow rate (step 1) by the recovery rate demand
factor. If this valve exceeds the capacity of standard
heaters, then select other heaters or call for simultaneous
operation of standard dual elements. The heating capabil-
ity of standard heaters for a 38°C (100°F) rise are:

2,500-W element - 0.6 L/s (10.2 gpm)
4,500-W element - 1.2 L/s (18.4 gpm)

B-6. Capacity of Cast Iron Drain Lines (Water)

The following data are provided to estimate the capacity
of gravity drain pipes:

Pipe Inner
Diameter

Slope 1% Slope 2%

Velocity Flow Velocity Flow

mm (in.) m/s (fps) L/s (gpm) m/s (fps) L/s (gpm)

102 (4) 0.6 (1.8) 4.5 (72) 0.8 (2.6) 6 (100)

152 (6) 0.8 (2.5) 14.2 (225) 1.1 (3.6) 20 (315)

203 (8) 1.0 (3.2) 31.5 (500) 1.4 (4.5) 45 (710)

254 (10) 1.2 (3.9) 60.9 (965) 1.7 (5.4) 83 (1310)

305 (12) 1.3 (4.4) 97.2 (1540) 1.9 (6.2) 138 (2190)

381 (15) 1.6 (5.2) 181.7 (2880) 2.3 (7.4) 255 (4050)

457 (18) 1.8 (6.0) 299.7 (4750) 2.6 (8.4) 416 (6600)

533 (21) 2.0 (6.7) 454.2 (7200) 2.9 (9.4) 637 (10100)

610 (24) 2.3 (7.4) 662.4(10500) 3.2(10.4) 927 (14700)

686 (27) 2.5 (8.1) 908.5(14400) 3.4(11.1) 1274 (20200)

762 (30) 2.7 (8.7) 1205.0(19100) 3.7(12.2) 1697 (26900)

914 (36) 3.0 (9.8) 1955.8(31000) 4.2(13.9) 2776 (44000)

Assumed Conditions:

1. Water level a top of pipe at inlet.
2. Free discharge at outlet.
3. Cast iron pipe--coated--good to fair condition. (Also, visitor load applies to concrete or vitrified clay pipe in average condition.)
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Figure B-20. Pressure losses of oil in copper tubing (Sheet 1 of 6)



Figure B-20. (Sheet 2 of 6)



Figure B-20. (Sheet 3 of 6)



Figure B-20. (Sheet 4 of 6)



Figure B-20. (Sheet 5 of 6)



Figure B-20. (Sheet 6 of 6)






